In this publication the terms 'performance-based' and 'self-assessed' health literacy were used, where in the HEALIT4EU project respectively the terms 'objective' and 'perceived' health literacy were used to refer to the two types of health literacy.1 Background: Health literacy is an important determinant of health, but national health literacy levels are known for only some European countries. This study aims to examine to what extent national health literacy levels can be estimated based on publicly available census data. Method: Multivariate models were used to predict two types of health literacy on population level. Predictors were selected based on literature, the European Health Literacy Survey (HLS-EU) and the Adult Literacy and Life Skills Survey (ALL). The HLS-EU provides insight into self-assessed health literacy and the ALL into the performance of individuals on health literacy tasks (performancebased health literacy). Dutch HLS-EU and ALL data were used to construct prediction models based on 2/3 of this data, which were validated in the remaining 1/3 of the data and (in case of self-assessed health literacy) in data from seven other European countries. Results: Education is a significant predictor of perceived and performance-based health literacy. Age and working status are significant predictors of performance-based health literacy, whereas gender and income are significant predictors of self-assessed health literacy. Both typologies of health literacy can satisfactorily be predicted within samples Heide, I. van der, Uiters, E., Sorensen, K., Rothlin, F., Pelikan, J., Rademakers, J., Boshuizen, H of the Dutch population. The accuracy of estimated self-assessed health literacy varied between the seven other European countries. Conclusion: Prediction models based on publicly available census data can be used for estimating selfassessed and performance-based health literacy on population level. Observed health literacy levels or better prediction models are required when one is interested in ranking European countries.
INTRODUCTION
Health literacy entails the skills to access, understand, appraise and apply information to make health-related decisions.2 Health literacy is recognized as an important determinant of health3-7 and there is a social gradient for health literacy as there is for health. 8, 9 In the past decade the number of studies indicating that lower health literacy is related to adverse health outcomes and higher healthcare costs has grown exponentially.10,11 Studies show that lower health literacy is associated with a lower mental and physical health status, adverse disease specific outcomes, mortality, more use of healthcare and less use of preventive care.10 Also poorer self-management and less satisfaction with care are associated with a lower level of health literacy.10,12 Although the topic of health literacy has gained attention in European research, policy and practice, only for some European member states knowledge is available concerning the level of health literacy of their population. 8 Measures of health literacy require in-person assessment, which is timeconsuming and costly. In many European countries health literacy and national health literacy assessment are not a focus of policy,1 but there are few where it already is (e.g. Austria, Ireland). It is important to have insight into health literacy of populations across Europe, in order to identify countries or regions in which health literacy of the population is relatively low or in order to evaluate the effect of interventions. Unlike many health determinants which are difficult to modify, competencies could be taught and learned. Given the fact that competencies are distributed unevenly within a population, often along socio-demographic characteristics, a competenciesbased approach focusing on health literacy can enrich current understanding of health inequalities. This requires insight into populations' level of health literacy. Most European countries have insight into the socioeconomic and demographic distribution of their population. Since previous research shows that health literacy is closely related to socioeconomic and demographic characteristics,8,13 it has been put forward that health literacy on population level could be estimated by applying prediction models based on these characteristics, when actual health literacy measures are absent. Yet few studies have explored this possibility.14,15 This includes the study of Martin and colleagues,14 who presented a health literacy prediction model, based on data obtained from the American National Assessment of Adult Literacy. Their study shows that gender, age, ethnicity, level of education, income, marital status and time of residence in the United States are significant predictors of health literacy. To date, no prediction models are available to estimate health literacy on national population level in European countries. The aim of this study is therefore to examine to what extent national health literacy levels can be validly estimated from socioeconomic and demographic characteristics that are publicly available. Therefore, two types of health literacy will be estimated: performance-based health literacy and self-assessed health literacy. This distinction is relevant because performance-based and selfassessed health literacy capture different constructs and may differ in the extent to which they can be predicted by socioeconomic and demographic characteristics. Performance a based measures have the strength to measure an ability directly while the self-assessment based measures have the strength to allow a more comprehensive grab of the intended measurement construct and are rooted in the experiences of the patients. The weaknesses on the other hand are, that performance a based indices tend to measure narrow content16 and self-assessed health literacy measures do not only transport social desirability but also subjective expectations, experiences, perceptions, and concepts of health care.
METHODS

Data sample
Performance-based health literacy Dutch data from the 2008 Adult Literacy and Life Skills (ALL) survey was used to obtain a measure of performance-based health literacy on population level (see Refs. 17 and 18 for detailed information). ALL data were gathered through in-person interviews among 5617 respondents from the Netherlands aged 16-65. The ALL measures individuals' performances on reading and problem solving tasks. Based on various health-related tasks included in the ALL, the Health Activities and Literacy Scale (HALS) was developed by the Educational Testing Service to measure health literacy. 18 The HALS reflects people's performance on reading and problem solving tasks related to health information.18 Health literacy as assessed by the HALS will therefore be referred to as 'performance-based' health literacy. HALS scores ranged between 0 and 500 points,18 which could be divided into five performance categories reflecting an increasing ability to successfully complete tasks of a given difficulty (see Ref. 4 and Appendix 1). Scores above 275 reflect having adequate health literacy. 18 The HALS scores were included both as a continuous outcome (mean scores) and as dichotomous outcome (having adequate versus less than adequate health literacy). The HALS scores were normally distributed.
Self-assessed health literacy
Dutch data from the 2011 European Health Literacy Survey (HLSEU) was used to obtain a measure of self-assessed health literacy on population level (see Ref. 8 for detailed information) by in person interviews. The HLS-EU was conducted in Austria, Bulgaria, Germany, Greece, Ireland, the Netherlands, Poland and Spain, and included _1000 respondents per country aged 15 years or older. The HLS-EU contains an instrument to measure self-assessed difficulties with health-related information,8,19 which will be referred to as 'selfassessed health literacy'. The 47-item HLS-EU Questionnaire (HLSEU-Q), as included in the HLS-EU, was used to measure individuals' perceived difficulties with accessing, understanding, appraising and applying health-related information on a four-point Likert scale, ranging from 1 (very difficult) to 4 (very easy). Index scores were calculated as the sum scores of all items (see Appendix 1).8 Scores above 33 reflect sufficient or excellent health literacy, referred to as 'adequate health literacy' The HLS-EU-Q index scores, which were approximately normally distributed for all countries in the HLS-EU,9 were included both as a continuous outcome (mean scores) and a dichotomous outcome (adequate vs. less than adequate health literacy).
Demographic and socioeconomic variables
Based on literature1,4,13,14 and the availability in both the ALL and the HLS-EU data, the following possible health literacy predictors were selected for constructing a prediction model: gender, education, work status, income and age. Appendix 1 describes the operationalization of the selected variables in the ALL and the HLS-EU data.
Missing values
Most variables that were included in our analyses contained few missing values (<5%). The income variable contained 18.6% missing values in the HLS-EU data and 20.2% in the ALL data, which is common in Dutch survey research. Furthermore one item from the HLS-EU-Q which did not apply to retired people contained 25.8% missings ('how easy would you say it is to: find out about efforts to promote your health at work?'). Multiple imputations by chained equations was used to handle the presence of missing values in the study data,20-22 delivering five imputed datasets. The outcomes of the individual analyses were pooled incorporating the uncertainty due to the missing values. 23 The imputations were done in R 2.14.0, with use of the mice package.20,23
Statistical analysis
Step 1: Constructing health literacy prediction models Since the Netherlands is the only European country that participated in both the ALL and the HLS-EU, data from the Netherlands was used to develop and cross-validate health literacy prediction models for performance-based and self-assessed health literacy. To construct the prediction models, two random samples were drawn: one containing two-third of the Dutch ALL data (N=3745) and one containing twothird of the Dutch HLS-EU data (N=682). Based on each of these two random samples, two types of prediction models were developed: one predicting mean health literacy scores and one predicting the proportion of respondents having adequate health literacy. To predict mean health literacy scores and having adequate health literacy, respectively backward linear and logistic regression analyses, were applied. Predictors that were not significantly associated with health literacy (P>0.05) were excluded step by step (excluding the least significant variable first) until a model was created including only significant predictors. All analyses were conducted in SAS by use of the Mianalyze procedure.
Step 2: Cross validation of the prediction models in Dutch data
The constructed prediction models were validated by applying the regression equations obtained from Step 1 on the remaining onethird of the Dutch ALL (N= 1872) and HLS-EU (N= 341) data.
Pearson's correlation coefficients were calculated to indicate the association between predicted and observed mean health literacy scores. ROC curves were calculated to indicate the degree of correspondence between the observed and predicted proportion of respondents having adequate health literacy.
Step
[TABLE 1]
By applying the regression equations obtained in Step 1, self-assessed as well as performance a based mean health literacy was predicted for each of the countries. Pearson's correlation coefficients were used to estimate the relationship between predicted and observed mean health literacy scores. Table 1 describes the characteristics of the Dutch ALL and HLS-EU samples. The mean age was 44 (SD:13) in the ALL sample and 53 (SD:19) in the HLS-EU sample. With respect to level of education, relatively many high educated people were included in both samples (37.1% tertiary educated in the ALL and 34.8% in the HLS-EU), compared with the other educational categories. Most respondents belonged to the working population (68.5% in the ALL sample and 49.7% in the HLS-EU sample). The difference between the percentages concerning occupational status is likely due to the fact that the HLS-EU includes 15-year old respondents and respondents older than 65 (33.6%) while the ALL includes respondents of maximum 65 years of age. Mean income per month was E4379 in the ALL sample and between E1850 and E2950 in the HLS-EU sample. Table 1 also shows that mean health literacy scores differ by gender, age, level of education, income and working status. Table 2 provides information on the initial and the final models to predict performance-based health literacy (using ALL data). Age, level of education and working status were significant predictors of mean performance-based health literacy; being older, having attained (pre-)primary or lower level of education (compared with tertiary or upper secondary education) and not working or being retired (compared with working or being a student) were significantly associated with having lower performance-based health literacy. Older age and having attained (pre-) primary or lower secondary education were significant associated with lower odds of having adequate performance-based health literacy. Table 3 provides information on the initial and the final models to predict selfassessed health literacy (using HLS-EU data). Level of education, monthly household income and gender were significant predictors of mean self-assessed health literacy and of having adequate self-assessed health literacy. Having attained (pre-)primary or lower secondary education (compared with tertiary or upper secondary education), having a lower monthly household income and being male were significantly associated with lower self-assessed health literacy and with lower odds of having adequate self-assessed health literacy.
RESULTS
Sample characteristics and health literacy
Constructing prediction models of health literacy
Predicting performance-based health literacy
Predicting self-assessed health literacy
[ Table 4 shows observed and predicted mean health literacy scores per decile, which indicate that performance-based as well as selfassessed health literacy can accurately be predicted for subgroups of the same population. With respect to predicting adequate health literacy, ROC curves suggest that adequate performancebased health literacy can better be predicted than adequate selfassessed health literacy: area under the curve was respectively 0.74 and 0.58 (data not shown).24
Cross-validation of the prediction models in Dutch data
Validation of the prediction model for self-assessed health literacy in seven European countries Table 5 shows the observed mean self-assessed health literacy scores per country as well as the predicted mean self-assessed and predicted mean performance-based health literacy scores. The predicted self-assessed health literacy scores per country do not accurately resemble the observed scores, variation of observed scores between countries is considerably wider (4,8 points) than variation of predicted scores (1,6 points). Furthermore, the predicted mean self-assessed health literacy scores do not produce an adequate ranking of countries, compared with the ranking based on observed scores.
DISCUSSION
Development of the prediction models
Our results indicate based on Dutch data that education is a significant predictor of both self-assessed and performance-based health literacy. Age and working status are significant predictors of performance-based health literacy, where gender and income are significant predictors of self-assessed health literacy. A clarification for finding different predictors for the two types of health literacy can partly be found in the literature. Literature suggests for instance that being in labour force provides learning opportunities that may positively affect people's skills to derive meaning from texts.25 It might therefore positively affect people's performance on health literacy tasks, but not necessarily one's self-assessed difficulty with the understanding and use of health-related information.
[TABLE 5]
Furthermore, recent research shows that age-related cognitive decline can impact one's ability to fulfill health literacy tasks. 26, 27 This could explain why age seems stronger related to performancebased health literacy than to self-assessed health literacy, which is not only dependent on personal skills, but also on e.g. social support. 28 The lack of an association between gender, income and performance-based health literacy was salient. Both variables were significant predictors of performance-based health literacy in the prediction models that were developed by Martin and colleagues.14 An implication for future research is to examine whether the differences between the present study and the study of Martin and colleagues can be attributed to for instance sample differences and/or population differences (e.g. prevalence of socioeconomic inequalities in the population).
Validation of the prediction models
Overall, the selected predictors explained more variation in performance-based health literacy than in self-assessed health literacy. This indicates that socioeconomic and demographic characteristics may be more suitable for predicting individuals' performances on healthrelated tasks than individuals' perceptions with respect to the accessibility, understandability, appraisability and applicability of health-related information. This study showed that mean performance-based health literacy, mean self-assessed health literacy and having adequate performance-based health literacy, could satisfactorily be predicted in the Dutch population. The proportion of people having adequate self-assessed health literacy could less accurately be predicted. This difference might be related to the fact that the HALS has more established cut-of points for levels of health literacy compared to the HLS-EU-Q. Additionally, selfassessed health literacy might be better predicted by psychological and social factors than socioeconomic and demographic factors. Furthermore, this study indicates that the developed prediction models are not suitable for calculating health literacy estimates for other countries than the Netherlands and for drawing comparisons between countries. Mean differences between countries were considerably reduced and the ranking of countries based on the predicted self-assessed health literacy scores did not reflect the ranking based on actual self-assessed health literacy scores. For countries to get information on the distribution of their population's health literacy and for true bench marking, national health literacy surveys or better prediction models remain important. An implication for future research is to confirm whether performance-based health literacy can be better predicted for other countries then selfassessed health literacy. Performancebased health literacy seems a more robust construct than self-assessed health literacy and might therefore be better predicted by the use of publicly available census data. Limitations Only for the Netherlands data were available on comprehensive performance-based health literacy, therefore the prediction model for performancebased health literacy could only be validated for the Netherlands. Second, the HLS-EU data show a rather specific picture for the Netherlands compared with the other countries which took part in this study.8 For instance, the associations between determinants and health literacy in the Netherlands somewhat differs from associations in other countries.8,9 Furthermore, in the HLS-EU study the Netherlands had a considerably lower response rate (36%, probably due to first contacting survey participants by telephone) and the best health literacy results compared with the other countries. 8, 9 This suggests that population health literacy levels may be more accurately predicted by countryspecific models. Third, data availability restricted the range of potentially important characteristics that could be included in the prediction model. It is likely that there are unmeasured characteristics that contribute to health literacy that were not included in the model, such as quality of education, language proficiency, place of residence, social resources and ethnicity. We refrained from including ethnicity in the models, since the variables we had at our disposal did not provide an adequate reflection of ethnic minorities in the Netherlands. Moreover, the composition of ethnic minority groups in the Netherlands is different from that in other countries, so the predictive value for health literacy in other countries would have been limited.
CONCLUSION
Prediction models based on publicly available census data can be used for estimating health literacy on population level. The choice for a prediction model depends on whether one is interested in estimating the overall mean level of health literacy in a population or the proportion within a population that is expected to have adequate health literacy. Moreover, the choice depends on whether one aims for estimating performance-based or selfassessed health literacy. The accuracy of predicted selfassessed health literacy in other European countries, based on a Dutch prediction model, varies per country. Actually observed health literacy levels or better prediction models based on more and different data are required when one is interested in ranking countries. Funding This research is based on Work Package 3 of the HEALIT4EU research project, executed under the EU Health Programme (2008-13) in the framework of contract no. 20146201 with the Consumers, Health and Food Executive Agency (Chafea) acting under the mandate of the European Commission. The content of this article represents the views of the contractor (the EPHORT consortium) and is its sole responsibility; it can in no way be taken to reflect the views of the European Commission and/or Chafea or any other body of the European Union. The full HEALIT4EU report is available via http://ec.europa.eu/health/ health_policies/docs/2015_health_literacy_en.pdf. _ Predicted national self-assessed health literacy levels cannot be used for ranking countries. _ Therefore it will be necessary to measure observed health literacy of populations in different countries.
